Aquatidial, um novo bis-norsesquiterpenóide assimétrico, hipoteticamente derivado da isoemigossipolona, foi isolado da casca externa das raízes de Pachira aquatica (Bombacaceae), juntamente com os compostos conhecidos isoemigossipolona, p-cumarato de triacontila e lupeol. As estruturas do aquatidial e dos demais compostos foram determinadas por análises espectroscópicas (EM-FAB, IV, RMN 1D e 2D) ou por comparação com dados publicados na literatura.
Introduction
Plants belonging to the Order Malvales, specially those from the Bombacaceae [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] and Malvaceae families, [13] [14] [15] have proved to be a rich source of naphthoquinone and/or naphtol sesquiterpenes with cadalene and cadinane skeletons. The Bombacaceae family is relatively small, consisting of approximately 28 genera with 200 species and is widely distributed throughout tropical regions. 16, 17 The genus Pachira has two species, P. aquatica and P. macrocarpa. 8 P. aquatica Aubl. known in Brazil as "castanha-do-Maranhão", is found in the Amazon region and in the Maranhão State. 18 A phytochemical study of P. aquatica 9 resulted in the isolation of three fungitoxic naphthoquinones from the outer bark of the swollen trunk of infected plant specimens. Following our investigation on plants from Bombacaceae family, 19 we have examined Brazilian specimens of P. aquatica, collected near the Ilhéus-Itabuna highway, Bahia State. In this paper we report the isolation and structural elucidation of aquatidial (1), a new compound structurally related to a cadalene sesquiterpene, with an unusual skeleton, hypothetically derived from isohemigossypolone (2) . We also report the isolation of the known compounds isohemigossypolone (2) triacontyl p-coumarate (3) and lupeol (4).
Results and Discussion
Aquatidial (1) and the known compounds 2 and 3, were isolated from a chloroform extract of the roots outer bark from P. aquatica, by silica gel column chromatography. The molecular formula of compound 1 was established as 3 ), respectively, suggesting the presence of two isopropyl groups. The signal at δ 6.79 (2H, s) characteristic of two aromatic hydrogens, revealed the presence of two penta-substituted aromatic rings, constituted by the 1-formyl-2-hydroxy-4-isopropyl-5,6-substituted unit, as observed in the structure of isohemigossypolone (2) . 9 The approximate pairing of most of the Besides the 20 carbon signals corresponding to two 1-formyl-2-hydroxy-4-isopropyl-5,6-substituted systems, the 13 C NMR spectrum also showed another eight signals. From the Pendant spectrum these signals were found to arise from: two methyl groups (δ 17.9 and 15.0), five non-hydrogenated carbons and one CH (δ 85.2). Of the five signals correlated to non-hydrogenated carbon atoms, two were characteristic of conjugated ketone groups (δ 199.2 and 199.0); two were assigned to quaternary carbons α to carbonyl groups (C-2 and C-2', at δ 64.0 and 61.4, respectively); and one corresponding to the hemicetal carbon C-3' (δ 112.8). The HMQC correlations allowed unambiguous 1 H and 13 C NMR assignments. The signal at δ 3.32 was assigned to a third hydroxyl group, as it was not correlated with any 13 C signal. Finally, the structure of compound 1 was completely established by correlations observed from nOe-difference and HMBC experiments (see Figures 1a and 1b) , and was trivially named aquatidial. The relative configuration of the tetradydrofuran ring was established by means of several nOe experiments, and the results are presented in Figure  1a . The major nOe effects observed between H-14/H-14', H-3/H-14 and also H-3'/H-14', are consistent with the proposed all cis configuration for the substituted tetrahydrofuran ring.
A proposed biogenetic route for aquatidial (1) is presented in Figure 2 . According to this proposal, isohemigossypolone (2) is initially isomerized to 2a, that then reacts with 2, resulting in the intermediate 2b. This compound spontaneously isomerizes to 2c and then suffers a series of biooxidative transformations followed by decarboxylations resulting in aquatidial (1).
The known compounds 2 and 3 were also isolated from the same extract of P. aquatica by column chromatography on silica gel. The spectroscopic data from compounds 2 and 3 were consistent with those published for isohemigossypolone 9, 12 and triacontyl p-coumarate, 20 respectively. The commonly occurring terpenoid lupeol (4) was isolated from hexane extract and characterized by comparison with authentic sample.
Experimental

General experimental procedures
Flash column chromatography was performed using Crosfield Sorbil C60 (32-63 mm) and for TLC analysis were used plates of silica gel G-60/F 254 (0.25 mm, Merck) previously activated in an oven at 100 °C. Melting points were determined on an electrothermal digital apparatus (model MQAPF-301) with correction. Infrared spectra were recorded on a Mattson Instruments FTIR 3000 grating spectrometer, using potassium bromide disk or sodium chloride liquid film, scanning from 4000 to 500 cm -1 .
1 H and 13 C NMR spectra (1D and 2D) were obtained on a Bruker DPX 400 instrument, at 400 and 100 MHz for 1 H and 13 C, respectively. Deuterated chloroform was used as a solvent and tetramethylsilane (TMS) as a reference (δ = 0). The coupling constants (J) are given in Hertz. FAB-Mass spectra were obtained on a V.G. Analytical ZAB-IF spectrometer, at 70 eV, using mnitrobenzyl alcohol (3-NBA) and trifluoro acetic acid (TFA) as a matrix.
. Plant material P. aquatica Aubl. was collected from the CEPLAC forest (Comissão Executiva do Plano da Lavoura Cacaueira), at the Ilhéus-Itabuna highway, Bahia State, Brazil, in August 2002 and identified by Dr. André Maurício de Carvalho (deceased) at the CEPLAC Herbarium, where a voucher (No. 31469) specimen is deposited. The root bark was separated for extraction.
Extraction and isolation of chemical constituents
The root bark (501.7 g) was air-dried and powdered, then extracted at room temperature, successively with hexane (2 L), chloroform (2 L) and ethanol (2 L), resulting in hexane (6.7 g), chloroform (8.7 g) and ethanol (13.8 g) extracts. The chloroform extract yielded nine fractions following flash column chromatography on silica gel, eluting initially with hexane:ethyl acetate (10:2), and then ethyl acetate and finally methanol. Fraction 6 (1.8 g) was submitted to column chromatography on silica gel, eluting with hexane:ethyl acetate (2:1) to yield six sub-fractions. Sub-fraction 4 (0.7 g) was submitted to two successive fractioning on silica gel column chromatography, and eluted with dichloromethane:methanol (49:1) to yield compound 1 (5.0 mg) and other sub-fractions. The known compounds 2 (5.0 mg) and 3 (118.0 mg) were obtained from fractions 5 and 4 respectively, after further successive chromatographic separations.
The hexane extract was also submitted to fractioning on silica gel column chromatography, eluting with a mixture of hexane:ethyl acetate of increasing polarity (starting with 11:1 v/v) and finally with ethyl acetate. A total of six groups of combined fractions were obtained. From fraction 5, after two successive fractioning on silica gel column chromatography, eluted with hexane:ethyl acetate (7:3) and dichloromethane, respectively, was obtained compound 4 (170.0 mg). 13 C NMR (100 MHz, CDCl 3 ): δ 199.2 (C, C-1), 199.0 (C, C-1'), 195.5 (CH, C-10'), 193.7 (CH, C-10), 168.8 (C, C-5'), 168.0 (C,C-5), 160.7 (C, C-7), 159.9 (C, C-7'), 155.5 (C, C-9'), 154.9 (C, C-9), 125.5 (C, C-8), 124.5 (C, C-8'), 118.1 (CH, C-6'), 117.6 (CH, C-6), 114.5 (C, C-4), 113.7 (C, C-4'), 112.8 (C, C-3'), 85.2 (CH, C-3), 64.0 (C, C-2), 61.4 (C, C-2'), 29.0 (CH, C-11'), 28.9 (CH, C-11), 23.6 (CH 3 , C-12), 23.2 (CH 3 , C-13), 22.3 (CH 3 , C-12'), 21.9 (CH 3 , C-13'), 17.9 (CH 3 , C-14), 15.0 (CH 3 , C-14').
